Abstract Chaperonins are ubiquitous proteins that facilitate protein folding in an adenosine triphosphate-dependent manner. Here we report the isolation of a sea urchin cDNA (Plhsp60) coding for mitochondrial chaperonin (Cpn60), whose basal expression is further enhanced by heat shock. The described cDNA corresponds to a full-length mRNA encoding a protein of 582 amino acids, the first 32 of which constitute a putative mitochondrial targeting leader sequence. Comparative analysis has demonstrated that this protein is highly conserved in evolution.
INTRODUCTION
All the members of the Hsp60 family form ring-shaped complexes that recognize exposed hydrophobic surfaces of a wide range of globular nonnative conformations and bind them in their central cavity (Clarke 1996; Itoh et al 1996; Sigler et al 1998; Ellis 1999) . As expected on the basis of their ubiquitous function, the aminoacid sequences of Hsp60 proteins are highly conserved from Escherichia coli and yeast to man.
Cpn60 appears to be involved in many cellular processes. First synthesized as a precursor bearing an Nterminal mitochondrial-targeting signal sequence, it is transported into the mitochondria and converted to the mature form of lower molecular mass in the mitochondrial matrix. The mature Cpn60 was also found at various extramitochondrial locations, indicating that it may play key roles not only in mitochondria but also in cytosol, nuclei, and cell membranes (Ryan et al 1997; Folsch et al 1998) .
We previously showed that the Paracentrotus lividus mitochondrial matrix contains a constitutive and heat shock-inducible chaperonin (Roccheri et al 1997) . Here we report the isolation and characterization of a full length cDNA (Plhsp60) that encodes this chaperonin.
A cDNA library was prepared by cloning into a lambda ZAP express vector (Stratagene) a cDNA mixture corresponding to the polyadenylated mRNA fraction extracted from heat shocked sea urchin gastrula embryos (Roccheri et al 1981) . A cDNA insert (Plhsp60) of about 4 Kb was isolated and hybridized to a heterologous hsp60 human cDNA. The complete nucleotide sequence of the insert is available at the EMBL data bank Website (accession number AJ 249625).
The alignment of deduced PlHsp60 protein sequence with sequences from a variety of organisms showed the remarkable conservation of chaperonin sequence in evolution (Fig 1) . In particular, the comparative analysis of PlHsp60 with human Hsp60 (HSP1P) at both the nucleotide-(data not shown) and the protein-sequence level suggested that Plhsp60 cDNA corresponded to a fulllength mRNA. It contained a 5Ј untranslated region (5Ј-UTR) of 159 nt, followed by a 1749-nt-long open reading frame (ORF), encoding for a protein of 582 amino acids, and a 3Ј-UTR of 2122 nt, including about 100 nt of the poly(A) tail, plus a canonical polyadenylation site at position 3914-3920. The 2 proteins showed a high degree of homology (425 amino acids out of 550 are conserved, corresponding to 77% homology) that becomes even higher if we consider that a number of substitution (77/125) are conservative. 5 total lambda ZAP cDNA recombinant plaque-forming units were screened by hybridization to a heterologous cDNA encoding the human 60-kDa stress protein; to this end, the human cDNA insert contained in the pUC HS601 Stress Gene plasmid was polymerase chain reaction amplified by direct and reverse standard pUC oligonucleotides and 32 P labeled. Hybridization and washes of increasing stringency were carried out at 60ЊC, as previously described (Gianguzza et al 1989) . Recombinant plaques were purified according to Sambrook et al (1989) , and the phagemid vector (pBK-CMV) was excised from the lambda arms according to the protocol recommended by Stratagene. The complete nucleotide sequence was obtained by automated DNA sequencing performed by the primer walking method using the labeled dye terminator/ ampliTaq Sanger method (ABI PRISM terminator cycle sequencing kit) and ABI 373 DNA sequencer. Sequences of different Hsp60s were retrieved by BLAST search (Altschul et al 1990) at the National Center for Biotechnology Information Website (http://www.ncbi.nlm.nih.gov) and aligned with Plhsp60 with the Mac Molly Tetra Program (by GeneSoft). The reference sequence is PlHsp60, as deduced from the nucleotide sequence (EMBL accession number AJ 249625). Hyphens indicate sequence identity. Dots indicate gaps introduced to optimize alignment. Amino acids forming the leaders' sequences are underlined. Hsp60 sequences reported are HSP1P, human mitochondrial matrix protein (accession number M34664: 77% homology); MMHSP60A, mouse Hsp60 (accession number X53584: 77% homology); DMHSP60, Drosophila melanogaster Hsp60 (accession number X99341: 76% homology); CELHSP60CP, Caenorabditis elegans Hsp60 (accession number L36035: 71% homology); and YSCHSP60, yeast Hsp60 (accession number M33301: 51% homology). Accession numbers are those reported in the NCBI Gene Data Bank.
Interestingly, the first 32 amino acids of PlHsp60 protein formed a putative mitochondrial targeting signal sequence that differed in length from the corresponding leader sequence present in the human protein.
In spite of this difference, however, the overall biochemical features of human and sea urchin leader peptides are highly similar; both peptides consist indeed of 15 uncharged polar and 6 basic amino acids, the only difference being in the number of non-polar residues (5 in the human and 11 in the sea urchin sequence), thus leaving unaffected the overall charge of the leader peptide. Moreover, the expected molecular mass of the precursor protein, calculated on the basis of putative amino acid sequence, would be 62 kDa, while removing the 32 amino acid-long signal sequence would give a mature molecular mass of about 58 kDa, thus suggesting that this protein can be the precursor of the mature species identified in the mitochondrial matrix (Roccheri et al 1997) .
This feature was further confirmed by direct microsequence analysis of the mature Hsp60 chaperonin immu- 20ЊC: 20) or temperature stressing (31ЊC: 31). All the procedures for total RNA extraction, polyadenylated RNA purification, and Northern blot hybridization analysis of both total and polyadenylated RNA were carried out as previously described (Gianguzza et al 1989) . Ten micrograms of total (tot) or 1 g of polyadenylated (A ϩ ) RNA were separated on formaldehyde-agarose gels, transferred to a Hybond-N nylon membrane, and hybridized to 32 P-labeled Plhsp60 cDNA. Typical specific activity of the probe was 0.5/0.9 cpm ϫ 10 9 /g. Migration of 26 S ribosomal RNA is indicated for internal reference.
noprecipitated from the mitochondrial fraction of Paracentrotus lividus gastrula embryos by an anti-human Hsp60 monoclonal antibody (data not shown).
Expression of Plhsp60 mRNA in normal and heat shocked embryos
We asked next if the expression of Plhsp60 mRNA is constitutive or induced by stress conditions. Northern blot analysis of both normal and heat shocked embryos showed only 1 transcript of about 4 kb (Fig 2) . The presence of this transcript is not dependent upon the stress; however, densitometric analysis of the autoradiographic signals showed a 5-fold increase of its concentration after heat shock.
The results reported in the present paper demonstrate the existence in the Paracentrotus lividus genome of a gene encoding a MtHsp60 constitutively expressed in developing sea urchins, the expression of which is further enhanced if the embryos undergo heat shock.
